Background: Corresponding with the T helper cell type 1/T helper cell type 2 hypothesis, autoimmune and allergic diseases are considered pathologically distinct and mutually exclusive conditions. Co-occurrence of autoimmune disorders and allergy within patients, however, has been reported. Transgenerational co-occurrence of autoimmune and allergic disease has been less often described and may differ from the intra-patient results..
Introduction
Autoimmune disorders and allergy are chronic immune-mediated diseases characterised by inflammatory responses which, although considered to be distinct clinical immunological conditions, share important epidemiological similarities. 1 These similarities seem to imply that autoimmune diseases and allergies share a common aetiology. Some indications for the plausibility of underlying similarities are the rise in prevalence of both these disease groups in the 20th century 2, 3 and a similar geographical distribution for both allergic and autoimmune disorders (i.e. their incidence increases with the distance from the Equator). 3 This finding may be related to the level of development of a country and/or environmental factors. The increase in incidence of autoimmune and allergic disorders in developed countries was shown to stabilise after a period of increase whereas incidence rates continued to rise in most developing countries. 4 The incidence of autoimmune disorders and allergic diseases among migrants adapts to that of the corresponding new area, suggesting an involvement of environmental factors. 5 Environmental factors reported to be involved in both autoimmune and allergic diseases include breastfeeding, 6 ,7 childhood diet, 6 smoking, 8 infections, 3, 8 vitamin D, 8, 9 and air pollution. 10 Such environmental factors may affect phenotypic plasticity through epigenetic mechanisms. [11] [12] [13] Similar genetic factors associated with autoimmune and allergic disease include the HLA DRB1 allele and polymorphisms in cytokine and Toll-like receptor genes. 3, [14] [15] [16] [17] [18] Monozygotic twins often show dissimilar penetration of autoimmune and allergic diseases, and such observations stress the importance of environmental, epigenetic, and/or genetic factors. 3, 18, 19 Although potentially common underlying mechanisms are currently unknown, interaction between genetics and environment may explain the co-occurrence of autoimmune and allergic diseases. 20, 21 Importantly, both types of immune disorders are characterised by a detrimental immune response (against self-proteins or proteins from outside the body). Both disease types are characterised by an abundant reactivity of two opposing T helper (Th) cell subsets; a relative abundance of T helper type 1 (Th1) cells occurs in most autoimmune disorders whereas allergic diseases are associated with an abundance of Th2 cells. 20, 21 Cytokines produced by Th1 and Th2 cells exert reciprocal inhibitory effects, and this has provided mechanistic grounds to view these disorders within patients as being mutually exclusive. [21] [22] [23] [24] [25] [26] [27] [28] This Th1/Th2 paradigm, however, is at odds with recent findings on the co-existence of autoimmune disorders and allergies, which is more common than expected as shown in epidemiological research. [21] [22] [23] [24] [26] [27] [28] However, the prevalence of allergies in patients with rheumatoid arthritis and diabetes mellitus type I compared with controls seems to be decreased. Transgenerational cooccurrence of autoimmune and allergic disease has been less often described and, in most of these studies, no valid measurement of allergic asthma took place. 14, [29] [30] [31] [32] The results of well-designed familial co-occurrence studies may deviate from the intra-patient results. Taking the common denominators of autoimmune disorders and allergic disease into account, we hypothesised that a parent-child positive relation exists between autoimmune disorders and allergies within families. Such an association, once confirmed, would emphasise the need for a shift in the current theoretical underpinnings that underscore immunological differences rather than similarities in the aetiology of these disease categories. We here report on a prospective epidemiological general practice-based study on the co-occurrence of autoimmune disorders and allergic disease in households.
Methods
Data available for testing the hypothesis consisted of all prospectively registered cases according to the International Classification of Primary Care (ICPC) for allergic and autoimmune disorders by the primary care morbidity registration network (RNH) allied to Maastricht University (August 2008). 33 The autoimmune disorders for which an ICPC encoding exists are psoriasis, rheumatoid arthritis/ankylosing spondylitis, ulcerative colitis/Crohn's disease, diabetes mellitus type 1, and multiple sclerosis. Allergic disease ICPC codes are available for allergic asthma, hay fever, atopic dermatitis, and atopic conjunctivitis. This spectrum of autoimmune disorders or allergic diseases will now be referred to as 'any autoimmune disorder' or 'any allergic disease'. ICPC encodings are given only by RNH physicians if the diagnosis was either supported by laboratory tests or if a medical specialist reported on it to the general practitioner. Data concerning households with two adults of opposing gender and at least one child aged >6 years were used, as only at this age can all allergic diagnoses be verified by diagnostic tests. The exact inclusion criteria for family relations and the results of a pilot study on the validation of these inclusion criteria are described in Appendix 1, available online at www.thepcrj.org.
Rheumatoid diseases represent a large number of patients diagnosed with an autoimmune disease, but no exclusive ICPC encoding for rheumatoid arthritis or ankylosing spondylitis exists. The ICPC code L88 represents both rheumatoid arthritis and ankylosing spondylitis. Considering its importance, a pilot study was carried out on the association of rheumatoid arthritis or ankylosing spondylitis in patients and allergic disease in their offspring at the Departments of Rheumatology at the Maastricht University Medical Centre, Maastricht and the Atrium Medical Centre, Heerlen. Information on this pilot study is described in Appendix 1, available online at www.thepcrj.org.
Statistics
The Statistical Package of Social Sciences (SPSS) Version 15.0 and Statistical Analysis Software (SAS) were used. Data used for answering the research questions were provided by the regional network of general practices associated with Maastricht University. Missing data in any of the variables necessary for the statistical analyses formed an exclusion criterion.
First, the statistical correlation between any autoimmune disorder in separate parents and the occurrence of any allergic disease in their offspring was evaluated (χ 2 test). Second, tests for answering the main research question on the effect of any parental
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org autoimmune disorder as registered by general practitioners on the allergic status of their children were conducted with multiple logistic regression models including any allergy in the children, allergic asthma, hay fever, and atopic dermatitis as the dependent variables. The independent variables 'any autoimmune disorder' in fathers and mothers separately, 'any allergic disease' in the fathers and mothers, respectively, 'any autoimmune disorder' in the children, children's age and gender were included in the analyses. For answering the second research question on the influence of specific autoimmune disorders in parents on the occurrence of allergy in their children, the variables representing 'specific ICPC encoded autoimmune disorders', instead of 'any autoimmune disorder' in the separate parents, were tested For model fitting, two cases were differentiated: 'one child only' multiple logistic regression analysis versus 'nested, siblings' analyses, with an additional random effect (intercept). In the former case all available families were included in the analysis, which was conducted with either their eldest or only child; in the latter case, analysis was restricted to those families with more than one child. For models with random effects, logistic intraclass correlations (ICCs) are reported to express the degree of similarity among siblings within the same family (ICCs larger than zero indicate strong heterogeneity among families which could not be attributed to the measured sources of variation). More information on the statistical methodology used is provided in Appendix 1, available online at www.thepcrj.org.
Results
A dataset of 10,575 households resulted from the selection of families including at least one child. Because variables on both the father and the mother were assumed to be of influence and only families containing at least one child aged >6 years were included, only 5,604 families could be used in the analyses.
Children
A total of 9,904 children were included, comprising 5,604 eldest children and 4,300 younger siblings. Allergic disease in the eldest children was used as the primary outcome of the analyses. Data on allergic disease, any autoimmune diagnosis, age, and gender of all children included are presented in Table 1 . Any allergic disease was diagnosed in 20% of the children included and autoimmune disorders were diagnosed in 1.5% of the children.
Parents
Information on the occurrence of specific autoimmune or allergic diseases (number and prevalence) in the separate parents, as included in both datasets, is presented in Table 2 . Any allergic disease was diagnosed in 13-15% of parents whereas any autoimmune disorder was diagnosed in 5% of the parents. Psoriasis was the autoimmune disorder most often diagnosed in the parents followed by rheumatoid arthritis/ankylosing spondylitis. The occurrence of any autoimmune disorder and/or any allergic disease in parents, separately or both, and the corresponding occurrence of any allergic disease in the eldest children not corrected for additional possible confounding factors (χ 2 analysis) are shown in Table 3 .
Any allergic disease in offspring
The results of the logistic regression analyses on the association of any autoimmune condition in the parents and at least one ICPC-encoded allergic disease in their offspring are presented in Table 4 . The results corrected for age and gender of the children, occurrence of allergic disease in the parents, and autoimmune status of mothers, fathers and children confirmed the χ 2 outcome presented in Table 3 . Allergy in the parents had the most evident effect on the development of allergic disease(s) in their eldest children. With respect to the original research question concerning intrafamilial co-occurrence of autoimmune and allergic disease, a significant positive effect was found for autoimmune disorders in fathers on the occurrence of any allergic disease in the children (eldest: OR 1.4, nested siblings: OR 1.4). The occurrence of autoimmune disorders in the mother did not seem to influence allergy development in the children. Male gender was shown to increase the chance of a child being diagnosed with any allergic disease. Registered autoimmune disorders in the children The total amount of autoimmune disorders and allergies is lower than the sum of all separate diseases as some parents were shown to have more than one of these disorders at the same time.
The prevalence of autoimmune disorders and allergies in the separate parents in the complementary nested analysis is presented in brackets.
AS=ankylosing spondylitis, CD=Crohn's disease, RA=rheumatoid arthritis, UC=ulcerative colitis. CI=confidence interval, OR=odds ratio.
*No result could be given as variable was excluded (not mandatory and no significant outcome). Table 5 . Multiple logistic regression analysis results of the influence of specific autoimmune disorders in parents on the occurrence of allergic diseases in their only or eldest child or children of families with a minimum of two children did not appear to have a statistically significant effect on the occurrence of any allergic disease; this variable was therefore excluded from the analysis.
Specific allergic diseases
In both the first child analysis and the analysis of siblings, rheumatoid arthritis/ankylosing spondylitis in the mothers was found to be associated with the respiratory allergies evaluated (asthma: first children OR 1.952; hay fever: first children OR 2.148, siblings OR 2.485). Psoriasis in the fathers did seem to be associated with the occurrence of atopic dermatitis in their first children only (OR 1.597).
All outcomes
The cohesiveness of the allergic outcome within families, expressed as the ICC, varied from 0.19 to 0.32.
Discussion

Main findings
Based on prospectively collected data as registered by general practitioners, we present evidence for a positive significant correlation between the diagnosis of parental autoimmune disorders and the risk of their children developing an allergic disease. The specific diagnosis of rheumatoid arthritis/ankylosing spondylitis in mothers and psoriasis in fathers appeared to be associated with an increased chance of developing an allergic disease in their children.
Strengths and limitations of this study
One strength of our study is that diagnoses of autoimmune disorders and allergic disease were used instead of laboratory outcomes. For the majority of autoimmune disorders in our dataset, no diagnostic autoantibodies are available. The use of autoantibody testing, if relevant for the type of disease suspected, is part of the diagnostic process (e.g. in rheumatoid arthritis). The results of these tests were not available for the researchers. Families included in the study were selected based on the composition of the households (both parents living together, only children living at home, age of children >6 years) and therefore may not be representative of the total Dutch population. Most immunemediated diseases in parents and children, however, did not deviate PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org from the figures presented in the National Compass of Public Health or from the regional general practice morbidity registration, indicating no significant differences from the total Dutch population. 34, 35 Despite the fact that biological kinship was not always fully clear, validation of the selected families (n=595 households) by their general practitioners revealed that 89.4% of the parents and children selected were biologically related. In 10% of the families one of the adults (6% mothers, 4% fathers) was confirmed as a biological parent. In this respect, our dataset does not substantially deviate from a dataset encompassing 'fully known biologic kinship' and is therefore not expected to substantially affect the outcome.
Despite significant associations, a large proportion of variability in the probability of occurrence of any outcome was attributable to the random effect (ICC >20%). This means that there was still great variation among families that could not be explained by the measured factors.
The results of a pilot study on the influence of either rheumatoid arthritis or ankylosing spondylitis in parents, carried out to be able to distinguish between the two types of rheumatic disease clustered in the ICPC encoding available, indicate that the prevalence of a specific allergic disease in the offspring of parents with either rheumatoid arthritis (allergic asthma 17.5%, hay fever 39.4%) or ankylosing spondylitis (hay fever 23%, atopic dermatitis 25%) was higher than the reported prevalence known to be associated with the general Dutch population (allergic asthma 7-11%, hay fever 3-4%, atopic dermatitis 9-14%). 36 Over-reporting of allergic diagnoses in children of parents participating in the pilot study, however, did not explain the higher incidence, as not all of the allergic diagnoses reported in their offspring were higher in prevalence compared with the general population. The occurrence of atopic dermatitis in children of parents with rheumatoid arthritis (9.0%) and allergic asthma in children of parents with ankylosing spondylitis (5.6%) were similar to the reported prevalence in the general Dutch population. 36 Combined with our current analysis, we therefore deduce from these observations that rheumatoid arthritis in parents is specifically associated with a significant increase in the occurrence of (respiratory) allergic disease in their children. Findings that support this deduction include: (1) the lower prevalence of ankylosing spondylitis as opposed to rheumatoid arthritis in the Netherlands (0.1-0.4% vs. 1-2%); 34, [37] [38] [39] [40] (2) the even lower occurrence in women (0.03-0.13%); 37 and (3) the lack of influence of rheumatoid arthritis/ankylosing spondylitis in fathers on the occurrence of allergic disease in their eldest children in the analysis carried out.
Implications for future research, policy and practice
The results of the current study seem to indicate an intrafamilial association between autoimmune disorders -especially psoriasis, rheumatoid arthritis, and/or ankylosing spondylitis -and allergic disease.
An explanation for the higher occurrence of allergic disease in offspring, particularly of mothers diagnosed with rheumatoid arthritis, may indicate an association with female-specific influences. For instance, it may be that females diagnosed with rheumatoid arthritis more often choose not to breastfeed their children. Breast feeding is known to have a preventive effect on the development of both types of immune-mediated disease in children, but seems to be associated with an increased severity of rheumatoid arthritis in the mother who may therefore be advised against it. 40 As in other studies researching the possible association between autoimmune disorders and allergic disease, environmental factors were not corrected for in this study. Follow-up research in larger cohorts is important to validate these novel findings -including a detailed documentation of relevant environmental factors -to address a possible role for epigenetic mechanisms in the relationship between immune-mediated disorders across generations.
In the current Dutch standards for general practitioners, an enhanced risk for the occurrence of (respiratory) allergy in children of autoimmune patients is not included in the protocol. If the results of a follow-up project validate the findings presented here, this may lead to the inclusion of the risk factor 'autoimmune disorder in parent' in the general practitioners' standards for allergic disease.
The dataset used in the current study was too small to estimate reliably the effect of parental diabetes mellitus type 1 or multiple sclerosis on the occurrence of allergic disease in their children. Similar limitations prevented the statistical analysis of possible relationships between autoimmune diseases in parents and conjunctivitis in their children.
Interpretation of findings in relation to previously published work
We report here on a parent-child relationship between autoimmune disorders and allergic disease. This, together with the previously described epidemiological findings on the co-occurrence of these types of disease within patients 21, 24, 26, 27 and among family members, 14, [29] [30] [31] [32] supports the notion that autoimmune diseases and allergies can co-exist, in contrast to the currently held theoretical supposition that autoimmune disorders and allergies exclude one another.
A familial association of rheumatoid arthritis in patients and asthma in a parent or sibling has been previously reported, although no distinction was made between allergic asthma and non-allergic asthma. 29 To our knowledge, specific data on the co-occurrence of autoimmune disorders in patients and allergic disease in their offspring has not previously been described. However, a number of studies contradict the epidemiological co-occurrence of autoimmune and allergic diseases within patients -for example, the EURODIAB project (diabetes mellitus type 1, OR 0.8, 95% CI 0.64 to 0.97) and the study by Rudwaleit et al. (rheumatoid arthritis, OR 0.6 (95% CI 0.41 to 0.81). 25, 23 This difference in study outcome may be related to the type of co-occurrence (i.e. within patients vs. transgenerational). Another explanation for the significant effects of psoriasis and rheumatoid arthritis/ankylosing spondylitis in parents on the prevalence of allergies in their children may be that the parental diagnoses were skewed for these autoimmune disorders because of their sheer prevalence; this could indicate that not only these specific autoimmune disorders but any autoimmune disorder in the parents is of interest. As only rheumatic diseases, PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org inflammatory bowel diseases, and psoriasis have been shown to occur sufficiently often to be able to gain statistical significance, this assumption cannot be proven using the current dataset. The lack of data on the whole spectrum of autoimmune disorders and allergies may have influenced the current results and conclusions. The autoimmune disorders tested in our study, however, are a starting point for further research on possible relations between autoimmune disorders and allergy.
Somewhat surprisingly, the occurrence of (any) autoimmune disorder in the children (1.7%) did not affect the outcome. This unexpected outcome may be explained in part by the relatively low age (median 18.0 years) of the children in this study; according to the age-specific prevalence data for the Netherlands, most autoimmune disorders are known to develop at later ages. 34 Allergies and autoimmune disorders are known to involve similar genetic and environmental factors. 3, 8, 15, 17 A growing number of studies report parent-of-origin dependent effects on the development of disease in offspring. These observations stress the possibility that environmental factors and epigenetic mechanisms, besides genetics, may be involved in transgenerational effects. [41] [42] [43] [44] The possible influence of a reluctance to breast feed children by patients with rheumatoid arthritis 40 has been described earlier. Although genetics may contribute to the parent-of-origin effects observed in this study, the altered phenotypic expression (i.e. autoimmune disease vs. allergy) suggests an involvement of the (micro)environment during gametogenesis, embryogenesis, and/or postnatal development. 45 However, in our data these genetics and epigenetics are not distinguished. Access to information on environmental factors that have been aetiologically associated with the occurrence of immune-mediated diseases would have facilitated a more precise demarcation of these two distinct sources of variation.
Conclusions
The research presented here was primarily focused on establishing a transgenerational relationship between autoimmune and (respiratory) allergic diseases. The results indicate that the presence of an autoimmune disorder in one or both parents generates a risk factor for allergic disease in their children. Autoimmune disorders in the father -specifically psoriasis -appear to represent a risk factor for the development of allergic disease (atopic dermatitis), while rheumatoid arthritis in mothers significantly affected the respiratory allergies asthma and hay fever as an outcome in their offspring. Our findings warrant further research into the common denominators in the pathogenesis of the whole spectrum of allergic disease and autoimmune disorders.
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org A) Criteria for households to be included in the dataset of the current article and results of their validation Introduction pilot: As general practitioners in The Netherlands do not encode family relations in their data, only information on presumable families (people living together in a household) could be used for answering the research question if autoimmune disease in patients does increase the occurrence of allergic disease in their children. To be eligible for inclusion in our dataset, the household should consist of 2 adults of different gender and minimally one child aged at least 6 years. The children living in the households selected were considered to be the offspring of the assumed parents if they differed at least 15 years in age from the adults but no more than 45 years from the suspected mother. If there were several children in a household that differed at least ten months in age, apart from twins, these children were assumed to be siblings. Methods pilot: The inclusion criteria for family relations were validated in a subgroup of households (9.5%). This subgroup of households was evenly distributed over the general practices supplying the data. The general practitioners supplied their information if the parents and children in the households selected from their practice were biologically related (n±80 / practice).
Results of the pilot:
The validation of the parent-child relationship in a subgroup of n=595 households, evenly distributed over the geographical area in which the general practices were situated, showed that in 89.4% of the households (n=528) both adults and children had a biologic relation. Ten percent of the children was related to one of the parents selected and of approximately 1% of the children biological relationship to any of the adults could be established. Discussion pilot: Despite the fact that biological kinship was not always fully clear, validation of the selected families (n=595 households) by their general practitioners revealed that 89.4% of the parents and children selected were biologically related. In 10% of the families one of the adults (6% mothers, 4% fathers) was confirmed as a biological parent. In this respect, our dataset does not substantially deviate from a dataset encompassing fully known biologic kinship and is therefore not expected to affect outcome. B) Pilot study on the association of rheumatoid arthritis and ankylosing spondylitis in patients and allergic disease in their children Introduction: Rheumatoid diseases represent a large amount of patients diagnosed with an autoimmune disease but no exclusive ICPC encoding for rheumatoid arthritis or ankylosing spondylitis exists. Although these diseases have different pathology both the diagnoses rheumatoid arthritis and ankylosing spondylitis in patients are included in the ICPC code L88. Methods (pilot study): Considering its relevance, a pilot study was carried out on the association of rheumatoid arthritis or ankylosing spondylitis specifically in patients and allergic disease in their offspring at the departments of rheumatology at the Maastricht University Medical Centre, Maastricht and the Atrium Medical Centre, Heerlen.
Consecutively, forty patients with rheumatoid arthritis and 36 patients with ankylosing spondylitis according to the modified New York criteria were interviewed by their rheumatologist, during their planned visit, on the occurrence of doctor's diagnosed allergic asthma, hay fever and/or atopic dermatitis in their eldest children from July till December 2011. 33, 34 Validated questions, as used in the International Asthma and Allergy Childhood study (ISAAC) were used for differentiation between the association between both rheumatoid arthritis and ankylosing spondylitis in patients and the occurrence of allergic disease in their offspring. Results (pilot study): Pilot analysis on the occurrence of any allergic disease in the children of rheumatoid arthritis patients and those diagnosed with ankylosing spondylitis showed that allergy is diagnosed at equal frequency in their first born children. The specific allergic diseases, however, differed; allergic asthma (OR 15.3, 95% CI 1.430, 164.148) and/or hay fever (OR 4.3, 95% CI 1.114, 16.289) were significantly more prevalent in first born children of rheumatoid arthritis patients as compared to children of ankylosing spondylitis patients. Discussion: The pilot results on the influence of either rheumatoid arthritis or ankylosing spondylitis in parents, carried out to be able to distinguish between both types of rheumatic disease as clustered in the ICPC encoding available, indicate that the specific allergic disease prevalence of offspring from both rheumatoid arthritis patients (allergic asthma 17.5%, hay fever 39.4%) and ankylosing spondylitis patients (hay fever 23%, atopic dermatitis 25%) was higher than the reported prevalence known to be associated with the general Dutch population (allergic asthma 7-11%, hay fever 3-4%, atopic dermatitis 9-14%).33 Over-reporting of allergic diagnoses in children of parents participating in the pilot study, however, did not explain the higher incidence, as not all of the allergic diagnoses reported in their offspring were higher in prevalence compared to the general population. The occurrence of atopic dermatitis in children of rheumatoid arthritis patients (9.0%) and allergic asthma in children of ankylosing spondylitis patients (5.6%), were similar to the reported prevalence in the general Dutch population. 33 Combined with our current analysis, we therefore deduce from these observations that rheumatoid arthritis is specifically associated with a significant increase in the occurrence of respiratory allergic disease in their eldest children.
Findings that support this deduction include 1) the lower prevalence of ankylosing spondylitis as opposed to rheumatoid arthritis in the Netherlands (0.1 to 0.4 vs. 1-2%) [34] [35] [36] [37] 2) the even lower occurrence in women (0.03 to 0.13%) 35 3) the lack of influence of rheumatoid arthritis/ankylosing spondylitis in fathers on the occurrence of allergic disease in their eldest children in the analysis carried out. 
